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SUMMARY  

Elevated concentrations of mercury and sulfur are evident in the Everglades. The highly 
bioaccumulative form of mercury, methylmercury (MeHg), is a concern due to the neurotoxic 
threat it poses for Floridians who consume Everglades fish, as well as to resident wildlife. As 
sulfate, sulfur promotes the methylation of mercury and affects the biogeochemical cycling of 
other elements including phosphorus. In addition, sulfur may be toxic when in the sulfide form. 
Because of their ability to cause harm at many levels of the Everglades ecosystem, continued 
assessment of these elements is critical to restoration efforts. 

The very high mercury concentrations evident in fish in the Water Conservation Areas 
(WCAs) from the late 1980s to the early 1990s have declined substantially. Mercury levels in 
largemouth bass (Micropterus salmoides) (LMB) in the WCAs, however, remain generally above 
the proposed U.S. Environmental Protection Agency (USEPA) human health criterion for fish 
consumption [0.3 micrograms per gram (µg/g)]. 

In contrast to the mercury reductions in LMB in the WCAs, mercury levels in these fish have 
increased in Everglades National Park (ENP or Park) and the Holey Land Wildlife Management 
Area (WMA) in recent years. In the ENP, LMB and sunfish (Lepomis spp.) mercury levels are 
both above USEPA wildlife criteria.  

Regarding sulfur, approximately 60 percent of Everglades marsh area has sulfate 
concentrations greater than the Comprehensive Everglades Restoration Plan goal of 1 milligram 
per liter (mg/L) in surface water. It is probable that broad areas of the Everglades exhibit sulfate 
concentrations at which increased sulfate levels would enhance and decreased sulfate 
concentrations would reduce methylmercury bioaccumulation. Sulfur may exhibit detrimental 
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effects beyond promoting mercury methylation, including sulfide toxicity to aquatic plants and 
animals, and phosphate and ammonium release from sediments. Options for reducing Everglades 
mercury levels include atmospheric mercury source reduction and sulfate loading reduction. 

The Florida Department of Environmental Protection (FDEP) and the South Florida Water 
Management District (SFWMD or District) continue to promote improved understanding of the 
sources, transformations, and toxicity of mercury in the Everglades, in support of natural resource 
management decisions. This chapter updates findings reported in earlier consolidated reports, 
with supporting data on mercury provided in Chapter 3A and Appendix 3B-1 of this volume.4

                                                      
4 Chapter 3A and Appendix 3B-1 of this volume provide additional details to meet the Everglades Forever Act (EFA) 
requirement that the District and the FDEP shall annually issue a peer-reviewed report regarding the mercury research 
and monitoring program that summarizes all data and findings. Additional detailed scientific information can be found 
in mercury chapters in the 1999 Everglades Interim Report, 2000–2004 Everglades Consolidated Reports, and  
2005–2008 South Florida Environmental Reports. 

NEW FINDINGS 

New findings and issues of continuing concern summarized below are drawn from this 
chapter and from related appendices. 

• In the WCAs, the system-wide median mercury concentration in LMB has 
declined 70 percent over the past 20 years from a maximum in 1988 of 1.75 µg/g 
(range; 1.20-3.4 µg/g; n = 12) to a minimum of 0.30 µg/g (range; 0.04-2.0 µg/g; 
n = 263) in 2007. 

• Since 2001 in the WCAs, median mercury concentrations in age-three 
standardized LMB have varied minimally, reaching a minimum of 0.30 µg/g 
maximum in 2007 and a maximum of 0.45 µg/g during 2005. In spite of declines 
in LMB mercury levels in the WCAs, individual LMB continue to show evidence 
of high rates of mercury bioaccumulation. From 2001 through 2007, 61 percent 
of all LMB collected from the WCAs exceed the USEPA human-health fish 
tissue MeHg criterion of 0.3 µg/g; during the same period of time, eight percent 
of LMB exceeded 1.0 µg/g, suggesting that there are localized areas with high 
rates of mercury bioaccumulation within the WCAs. 

• For the WCAs, from 1990 through 2000, annual mercury medians for LMB from 
age cohorts one and two exceed the USEPA guidance criterion for protection of 
fish-eating wildlife of 0.346 µg/g for trophic level (TL) 4 fish. Since 2001, the 
median concentration has fallen below the wildlife criterion level during  
a three-year period, and has reached its lowest value of 0.29 µg/g in 2007 (range; 
0.05-0.85 µg/g; n = 147). This downward trend is encouraging; still, 39 percent  
(n = 58) of age cohort one and two LMB exceeded the wildlife guidance criteria 
during 2007. 

• For 2007, 78 percent of all sunfish sampled across the Everglades Protection 
Area (EPA) exceeded the USEPA TL 3 MeHg criterion for protection of fish-
eating wildlife of 0.077 µg/g; 68 percent exceeded the USFWS 0.100 µg/g 
mercury criterion; and, 10 percent exceeded the USEPA 0.346 µg/g TL 4 MeHg 
criterion (see Appendix 3B-1). 
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• For the Shark River Slough in the ENP, annual mercury medians for LMB from 
age cohorts one and two exceeded the USEPA guidance criterion for protection 
of fish-eating wildlife of 0.346 µg/g for TL 4 fish for all years sampled. Over 99 
percent of age cohort one and two LMB exceeded the USEPA wildlife criterion 
from 1993 through 2008. These findings continue to suggest that piscivorous 
avian and mammalian wildlife may experience MeHg exposures above the 
acceptable dose in broad areas of the EPA, which encompasses WCAs 1, 2, and 3 
and the ENP. 

• Fish in the Shark River Slough of the ENP – mosquitofish (Gambusia holbrooki), 
sunfish, and LMB – continue to have higher mercury levels than fish elsewhere 
across the EPA. New data (from 2007 and 2008) for common snook 
(Centropomus undecimalis) from Shark River Slough indicate that these fish 
have higher mercury levels than snook elsewhere in the ENP, with mean 
concentrations of 1.6 µg/g and 0.5 µg/g, respectively. 
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MERCURY IN EVERGLADES FISH AND WILDLIFE 

HISTORICAL MONITORING OF MERCURY IN BIOTA   

Elevated levels of mercury in biota from Everglades National Park (ENP or Park) were first 
reported in 1974 (Ogden). In 1988, reports of mercury levels in largemouth bass (Micropterus 
salmoides) (LMB) in the Water Conservation Areas (WCAs) exceeding 1 microgram per liter 
(µg/L) prompted more widespread sampling of both fish and wildlife (Ware et al., 1990). For the 
following year (1989) the system-wide median mercury concentration in 89 LMB collected from 
WCAs 1, 2, and 3 was 1.34 µg/L with a range of 0.25-3.39 µg/L.  

These and other findings prompted the state of Florida to issue no-consumption advisories for 
multiple species of fish in the Everglades Protection Area (EPA). Elevated levels of mercury 
were not restricted to fish; concurrent monitoring of EPA resident wildlife in the late 1980s by 
Ware et al. (1990) of alligators (Alligator mississippiensis), crayfish (Procambarus alleni), 
Florida softshell turtles (Apalone ferox), pig frogs (Rana grylio), mottled ducks (Anas fulvigula),  
white-tailed deer (Odocoileus virginianus), and the endangered Florida panther (Felis concolor), 
revealed elevated mercury levels in alligators and panthers. The high levels in these two top 
predators prompted more thorough surveys of piscivorous wildlife that revealed elevated mercury 
levels in wading birds (Spalding and Forrester, 1991), raccoons (Procyon lotor), alligators 
(Rumbold et al., 2002), Florida panthers (Roelke et al., 1991), and pig frogs (Ugarte et al., 2005) 
across the Everglades landscape. 

MERCURY IN FISH – CURRENT YEAR SAMPLING   

Fish Collection, Analysis and Mercury Concentration Normalization 

LMB and common snook (Centropomus undecimalis) were collected during a current-year 
period of July 2007 through June 2008 from around South Florida using direct-current  
electrofishing equipment. To insure a wide distribution of fish sizes, 20 LMB between 200 and 
500 millimeters (mm) total length were targeted from most sites, while 12 legally harvestable 
LMB were collected to meet requirements for human health risk assessments at other sites. Snook 
were also collected within their legal size limits of 635-838 mm total length. 

All fish were weighed, measured, and sexed and the sagittal otoliths of LMB were removed 
for determination of age as described by Porak et al. (1986). An entire skinless axial muscle fillet 
was homogenized and an aliquot was submitted to the Florida Department of Environmental 
Protection (FDEP) Central Laboratory in Tallahassee.  

Total mercury (THg) determinations of homogenates were made using U.S. Environmental 
Protection Agency method 245.6 (USEPA, 1991) with a method detection limit (MDL) of 0.02 
mg/L. For SFWMD fish tissue mercury results (from Appendix 3B-1), THg was quantified using 
USEPA (2007) method 7473 using a Nippon mercury analyzer. 
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Results are reported on a wet weight basis as micrograms per gram equals parts per million 
equals milligrams per kilogram (µg/g = ppm = mg/kg). Essentially all of the mercury found in 
top-level predatory fish such as LMB is in the form of methylmercury (MeHg) (Bloom, 1992); 
therefore, analyses are conducted for THg and the assumption made that it represents the MeHg 
concentration in samples.  

Largemouth bass are excellent biotic indicators of temporal and spatial trends in mercury 
bioaccumulation, with tissue concentrations generally reflecting ambient MeHg concentrations; 
however, LMB mercury concentrations should be considered as being integrated across time and 
space, and are not necessarily indicative of the exposure at the time or exact location the fish was 
collected. Likewise, tissue mercury concentrations are dependent upon the duration of exposure, 
fish age and size, population turnover, and relative trophic level of fish. Sexually dimorphic 
growth in Florida’s LMB (Porak et al., 1988) further complicates interpretation of data since 
faster growing females typically have lower mercury concentrations than similar sized males 
(Lange et al., 1993, 1994).  

For this study, LMB mercury concentrations were normalized by age to account for  
size-dependent bioaccumulation of mercury and also to correct for variations in sample size 
distributions, sex, and collection date. Standardization to fish size or age in order to normalize 
contaminant concentrations in fish is a common practice (Hakanson, 1980; Wren and 
MacCrimmon, 1986; Sorenson et al., 1990), and normalization to age has proven effective for 
spatial and temporal comparison of LMB mercury data for Florida (Lange et al., 1993, 1994). 
Normalization of monitoring data is necessary to assess the relationships between mercury 
bioaccumulation and changes in mercury loading to the system, or other environmental factors 
(e.g., sulfate loading) which would effect mercury bioaccumulation (Wiener et al., 2006). 

Therefore during this study, LMB mercury levels were standardized to an expected age-three 
mercury concentration (EHg3) by regression of mercury level on age for each site and calculating 
the expected mercury concentration in three-year-old LMB for each sample event. Where no 
significant relationship between mercury and age was observed (p > 0.05), the mean mercury 
concentration was reported. Snook data are summarized by sample means for each monitoring 
site to represent the mid-point concentration for a sample of legally harvestable size fish. 

Regional annual summaries of LMB mercury levels are reported for the WCAs and Shark 
River Slough in the ENP. Largemouth bass were collected dating back to 1988 when statewide 
monitoring identified the Everglades as a mercury hot spot. Also reported are site-specific spatial 
and temporal trends in LMB from long-term monitoring sites which were established in response 
to the high levels of mercury found in Everglades biota in the late 1980s and early 1990s. 
Emphasis is given to temporal analyses of data, but consideration is also given to spatial 
distributions of mercury bioaccumulation in the EPA as well. A total of 17 long-term monitoring 
sites were established in Florida, 10 of which are located in the Everglades (Figure 3B-1). 

 3B-5  
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Figure 3B-1. Location of 10 long-term mercury monitoring locations and one 
additional location in the Everglades Protection Area (EPA) and Stormwater 

Treatment Area 1 West (STA-1W).  
 

Notes: 
Site STA1WC3 is located in Cell 3 of STA-1W 
Sites LNWR#4 Marsh and L-7 are located in Water Conservation Area (WCA) 1 
Sites L35B and WCA2AU3 are located in WCA-2 
Sites L67A and WCA3A15 are located in WCA-3 
Sites ENPLOST and ENPNP are located in Everglades National Park (ENP) 
Site HOLEY is located in Holey Land Wildlife Management Area 
Site L67F1 is not a long-term monitoring site, but is located in the ENP 

  
● Marsh sites 
● Canals 

● Estuarine creeks 
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Results: Regional Trends 

From July 2007–June 2008, a total of 284 LMB were collected from the WCAs (n = 263) and 
Shark River Slough in the ENP (n = 21) for assessment of regional trends in these two areas. In 
addition, 18 snook were collected from three sites in the ENP to assess habitat influences on 
mercury bioaccumulation. Various other species were collected for health advisory assessments 
but only LMB and snook are reported in this chapter. Since 1988, a total of 3,242 LMB and 60 
snook have been collected. 

In the WCAs, the system-wide median mercury concentration has declined 70 percent over 
the past 20 years from a maximum in 1988 of 1.75 µg/g (range; 1.20-3.4 µg/g; n = 12) to 0.30 
µg/g (range; 0.04-2.0 µg/g; n = 263) in 2007 (and 2001) (Figure 3B-2). The greatest decline in 
LMB mercury levels occurred from 1991–2001 when the system-wide median reached a low of 
0.3 µg/g. Since 2001, median concentrations have varied minimally reaching a high of only 0.45 
µg/g in 2005. In spite of these declines in LMB mercury levels, individual LMB continue to show 
evidence of high rates of mercury bioaccumulation within the WCAs. From 2001–2007, 922 or 
61 percent of all LMB collected from the WCAs exceeded the USEPA human-health fish tissue 
methylmercury criterion of 0.3 µg/g (USEPA, 2001) and during the same period, 116 LMB (eight 
percent) exceeded 1.0 µg/g, a result which suggests localized areas with high rates of mercury 
bioaccumulation exist within the WCAs. 

Within the ENP, Shark River Slough appears to have the highest rates of mercury 
bioaccumulation in LMB and snook. This drainage basin extends from Tamiami Trail (SR41), 
near site L67F1, south to the southernmost extent of freshwaters at site ENPNP and continues out 
to Florida Bay and the Gulf of Mexico through various estuarine river and creek channels. 
Current data indicates elevated levels of mercury in estuarine species in Shark River Slough. A 
better understanding, however, of the processes effecting transport and bioaccumulation of 
mercury in estuarine systems is needed, particularly in Shark River Slough, as Everglades 
restoration efforts change water quality, timing, and quantity. 

Mercury concentrations in LMB from Shark River Slough in the ENP have, for the past 
decade, been much higher than those in the WCAs, with median concentrations exceeding or 
approaching 1.0 μg/g every year tested since 1989 (Figure 3B-3). In 2008, the system-wide 
median concentration was 1.10 µg/g (range; 0.36-3.50 µg/g; n = 21). From 1989–2008, all but 
one LMB collected from Shark River Slough in the ENP (sites L67F1 and ENPNP, see Figure 
3B-1) have exceeded the USEPA human-health MeHg fish tissue criterion of 0.3 µg/g   
(n = 449). The Florida Department of Health has issued no- and limited-consumption advisories 
regarding several fish species in the EPA (FDOH, 2007). 

Inside the ENP but outside of Shark River Slough, lower rates of mercury bioaccumulation in 
LMB have been found. To the east, at three sites located in Taylor Slough, Evans (2008) reported 
a two-year mean mercury concentration in 40 LMB of 0.63 µg/g. Similarly, to the north of Shark 
River Slough, at site ENPLOST, the median mercury concentration for 40 LMB collected for the 
present study during 2007 and 2008 was 0.67 µg/g. The ENPLOST site is located outside  
the direct influence of the Shark River Slough and is situated downstream of Big Cypress 
National Preserve.  

The extent of the elevated mercury bioaccumulation rates within Shark River Slough were 
further investigated by collecting samples of snook, a migratory marine species, at sites ENPNP 
and ENPLOST. Two years of data are available for this species. Snook collected from site 
ENPNP in Shark River Slough during 2007 and 2008 had a median mercury concentration of 
1.60 µg/g (range 0.93-2.3 µg/g; n = 12) as compared to those from site ENPLOST which had a 
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median mercury concentration of 0.50 µg/g (range 0.38-0.93; n = 9). Further north along the Gulf 
Coast in the ENP at Lostmans Five Bay, the median mercury concentration for snook collected 
during the same period was similar to ENPLOST (mean = 0.48 µg/g, range 0.29-0.94 µg/g;  
n = 6). These findings suggest that snook collected in Shark River Slough, which likely spend 
only a portion of their time in its upstream reaches, are exposed to higher ambient levels of MeHg 
than snook from adjacent estuarine areas.  
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Figure 3B-2. Annual summaries of mercury concentrations in 2,792  
largemouth bass (LMB) (all ages) collected from canal and marsh sites in  

WCAs 1, 2, and 3 between 1988 and 2007. 

Figure 3B-3. Annual summaries of mercury concentrations in 450 LMB  
(all ages) collected from two sites in the Shark River Slough of the 

ENP between 1989 and 2008. 
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Results: Site-Specific Trends 

During October and November 2007, 263 LMB were collected from all three WCAs, 41 from 
the ENP, 33 from Stormwater Treatment Area 1 West (STA-1W), and 20 from the Holey Land 
Wildlife Management Area (Holey Land WMA) for analyses of spatial and temporal trends in 
mercury bioaccumulation. LMB collected from the WCAs and the ENP were also utilized in the 
regional assessments discussed above. 

Localized trends in LMB mercury levels were monitored at 10 locations within the EPA 
using age-standardized mercury concentrations in LMB (EHg3). Location names and descriptions 
along with the period of record (POR) are given for each long-term site in Table 3B-1. Sampling 
sites were located along a transect starting in STA-1W and moving south through WCAs 1, 2,  
and 3 and into the ENP. A site is also located in Holey Land WMA, which is situated on the 
northern boundary of WCA-3 (Figure 3B-1). Spatial and temporal trends for these long-term 
monitoring stations are reported in Table 3B-2 and Figures 3B-4 through 3B-9. The periods of 
record (POR) and number of sampling events vary among sites due to differences in initial 
sampling dates and inability to collect LMB samples during some years.  

Throughout the LMB mercury monitoring project, the spatial distribution of mercury has 
remained consistent with increasing mercury bioaccumulation moving from north to south in the 
EPA (Table 3B-2). The current year data (July 2007–June 2008) show increasing EHg3 moving 
south along the site transect from site LNWR#4 south to site ENPNP with the exception of site 
HOLEY. Although the declines from the very high levels of mercury in LMB in the mid-1990s 
are encouraging, temporal trends at individual sites indicate recent increases. 

Site-specific trends in EHg3 at sites located in WCAs 1, 2, and 3 (Figures 3B-4 through  
3B-6, respectively) show similar trends as observed in system-wide median concentrations 
observed in Figure 3B-2. The site-specific targeted sampling for the long-term monitoring does 
not go back as far as the system-wide monitoring; however, maximal concentrations of EHg3 at 
the six sites in the WCAs occurred from 1992–1996 with a range of values between 0.61 and 2.39 
µg/g (Table 3B-2).  

These maximal concentrations typically occurred near the initiation of sampling (early or mid 
1990s) while the minimal concentrations at these sites were observed from 2001 through 2004 
with the exception of site L35B which reached its minimum earlier, in 1998. Minimal values 
during this time period averaged 0.34 µg/g (range; 0.09 - 0.79 µg/g) and represent an overall 
decline from maximal concentration in the mid-1990s to minimal concentrations early 2000s of 
75 percent (range; 61-85 percent decline) (Table 3B-2 and Figures 3B-4 through 3B-6). These 
declines were somewhat consistent within the WCAs and also within STA-1W at site STA1WC3, 
which declined from maximal to minimal EHg3 from 1996–2004; a 57 percent decline (Table 
3B-2 and Figure 3B-7).  

In contrast to these downward trends are recent increases in EHg3 within the WCAs. Since 
reaching minimal concentrations, EHg3 at the six sites in the WCAs increased to an average of 
0.57 µg/g (range 0.29-0.78 µg/g), representing increases ranging from 37 to 334 percent (102 
percent average) at the six sites (Table 3B-2 and Figures 3B-4, 3B-5, and 3B-6). The greatest 
increase was observed in WCA-1 where sites L-7 and LNWR#4 experienced increases of 334 and 
71 percent, respectively, during this period ending in 2007. Similarly, at site STA1WC3, EHg3 
increased from 2004–2007 by 59 percent (Table 3B-2). Recent increases in mercury 
bioaccumulation do not approach the levels measured in LMB during the early-1990s, but they do 
represent a troublesome trend of increased MeHg exposure for piscivorous wildlife and humans.  
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2009 South Florida Environmental Report  Chapter 3B  

Of greater concern are the temporal trends experienced at sites located in the ENP and Holey 
Land WMA. Although the magnitude of change over the POR is similar at these sites to those in 
the WCAs and STA-1W, the timing of maximal and minimal concentrations differs, with the 
ENP and Holey Land WMA sites trending upwards in recent times. Moreover, among all sites 
sampled during the POR, EHg3 was the highest at HOLEY, ENPNP, and ENPLOST. 

Site HOLEY (Figure 3B-8) reached its maximal EHg3 of 0.86 µg/g in 2006 after a minimal 
EHg3 in 1999 of 0.27 µg/g (Table 3B-2), a trend that is exactly opposite of what occurred in the 
WCAs during the same period of time. For the POR, EHg3 at HOLEY was 0.80 µg/g, nearly 
three times higher than the EHg3 in 1999 (Table 3B-2).  

Mercury concentrations in Shark River Slough in the ENP were discussed in the Results: 
Regional Trends section of this chapter; however, trends at site ENPNP, which represent half of 
the LMB used in the Shark River Slough regional analyses, should be noted. At ENPNP, EHg3 
declined from a high of 2.36 µg/g in 1994 to 1.11 µg/g in 2008, representing a 53 percent 
decrease over the POR for the site (Table 3B-2). However, levels of mercury continue to pose a 
significant risk to piscivorous wildlife and humans even after declines in EHg3 from 2003–2008 
(Figure 3B-9). 

EHg3 concentrations at site ENPLOST remain lower than those at site ENPNP (Figure 3B-9) 
but also pose a risk to consumers of these fish. Trends in EHg3 are not strongly evident, 
particularly in light of the fact that no samples were collected from 2001–2006; nevertheless, 
EHg3 increased 41 percent from 1995–2008 (Table 3B-2).  

Mercury concentrations in age one and two cohort LMB are summarized in (Figure 3B-10) 
for the WCAs and Shark River Slough in ENP and were evaluated as an approximation of a TL 4 
fish that is of an age/size class that is more appropriate as prey for avian wildlife than older LMB. 

Annual mercury medians for LMB from age cohorts one and two exceed the USEPA 
guidance criteria for protection of fish-eating wildlife of 0.346 µg/g for TL 4 fish during all years 
sampled in Shark River Slough, and from 1990–2000 in the WCAs (Figure 3B-10). Since 2001 
in the WCAs, the median age cohorts one and two LMB mercury concentration has fallen below 
this criteria level during three years, and has reached its lowest value of 0.29 µg/g in 2007 (range; 
0.05-0.85 µg/g; n = 147). This downward trend is encouraging; still, 39 percent (n = 58) of age 
cohort one and two LMB exceeded the guidance wildlife criterion in the WCAs during 2007, 
while in Shark River Slough over 99 percent of age cohort one and two exceeded the USEPA 
wildlife criterion for 1993–2008.  

Risks to fish-eating avian and mammalian wildlife continue to be of concern in the EPA. 
Adverse effects from mercury exposure can be evaluated within the context of the U.S. Fish and 
Wildlife Service (USFWS) proposed predator protection criterion of 0.1 µg/g  (Eisler, 1987) and 
the USEPA piscivorous wildlife protection criteria of 0.077 µg/g and 0.346 µg/g for trophic level 
(TL) 3 and 4 fish, respectively (USEPA, 1997) (Figure 3B-11). 

As reported in Appendix 3B-1, in 2007 across the EPA, 20 percent of all mosquitofish 
collected (considered to be at TL 2 and 3, depending on age; Loftus et al., 1998) exceeded the 
USEPA criterion of 77 nanograms per gram (ng/g; 1 ng/g = 0.001 µg/g) and 13 percent exceeded 
the USFWS criterion of 100 ng/g (Figure 3B-12). These exceedances were all from the L67F1, 
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ROTENF1, and WCA2U3 stations (Appendix 3B-1; Table 6). This is an increase from 2006 
where there were no exceedances of the 77 ng/g criterion for mosquitofish.4 

Sunfish also showed an increase from 2006 (Appendix 3B-1). For 2007, 78 percent of all 
sunfish [which are generally TL 3 (L. gulosus at TL 4; Loftus et al., 1998)] exceeded the USEPA 
77 ng/g criterion; 68 percent exceeded the USFWS 100 ng/g criterion and 10 percent exceeded 
the EPA 346 ng/g TL 4 criterion (Appendix 3B-1, Table 7) (Figure 3B-13). In 2006, 73 percent 
of all sunfish exceeded TL 3 criteria and 56 percent exceeded USFWS criteria of 100 ng/g. As 
discussed previously by Rumbold (2005), these findings are significant because sunfish and 
mosquitofish represent the preferred prey item of many fish-eating species in the Everglades.  

All LMB collected at stations WCA2U3, L67F1, and HOLYBC, accounting for 41 percent of 
all LMB collected, exceeded the guidance value for TL 4 fish (Appendix 3B-1, based on the 
calculation where whole body THg concentration = 0.695 x fillet THg; Lange et al., 1998). Four 
percent of all bass exceeded the FDOH’s human no-consumption advisory criterion of 1,500 ng/g 
for the general population (Figure 3B-14). These samples were all collected from site L67F1 in 
Shark River Slough. Based on 2007 findings, some Everglades populations of fish-eating birds 
and mammals may be at risk for adverse effects from mercury exposure.  

Mercury levels in Everglades great egret (Ardea alba) feathers are not reported this year due 
to low nesting rates in 2008 (see Chapter 6 of this volume for details on wading bird nesting 
patterns in the EPA). Feathers from only two birds from a single colony were collected 
(Appendix 3B-1). 

Additionally, trends in atmospheric wet deposition of mercury are not reported, as in  
2007 there were numerous missing samples at all three mercury deposition network (MDN) 
stations in the EPA due to mechanical failure and other issues, making estimation of mercury 
deposition and interpretation of among-year differences in volume-weighted mean concentration 
problematic (Appendix 3B-1). However, the National Atmospheric Deposition Program’s 2007 
estimate demonstrates that South Florida continues to receive elevated mercury deposition 
relative to the rest of the continental U.S., which is a result of South Florida’s relatively high 
annual precipitation and high volume-weighted mean wet deposition mercury concentration 
(Figure 3B-15). 

                                                      
4 These observed increases should, however, be viewed with caution as they may be related to the change in analytical 
laboratory. In October 2007, all fish mercury analysis responsibilities were transferred from the FDEP to the District. 
The agencies use different instrumentation for mercury detection (see the Laboratory Quality Control section of 
Appendix 3B-1). An investigation is currently under way to determine if there are analytical differences in mercury 
quantification between instruments. 
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Table 3B-1. Location and description of sites for long-term monitoring of 
mercury bioaccumulation in LMB from the Everglades Protection Area (EPA) 
and Stormwater Treatment Area 1W (STA-1W). Each site’s period of record 

(POR) and number of annual samples collected over the POR are shown.  
For site locations, see Figure 3B-1. 

Location/Site Description Site
POR

Sample
Events

STA1WC3 Interior marsh, two sites in Cell 3 1995-2007 14

HOLEY North Borrow Canal, connected to marsh 1996-2007 12
Arthur R. Marshall Loxahatchee National Wildlife Refuge
LNWR#4 Marsh 1995-2007 13
L-7 L-7 conveyance canal 1995-2007 13
Water Conservation Area 2A
WCA2AU3 Marsh 1993-2007 16
L35B L-35B conveyance canal 1994-2007 17
Water Conservation Area 3A
WCA3A15 Marsh 1993-2007 14
L67A L-67A conyance canal 1990-2007 21
Everglades National Park
ENPLOST Lostmans Creek (estaurine), Big Cypress NP 1995-2008 10
ENPNP North Prong Creek (estuarine), Shark River Slough 1994-2008 16

Stormwater Treatment Area 1 West

Holey Land Wildlife Management Area
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Table 3B-2. Trends in age-standardized mercury levels (EHg3) in LMB for 
various PORs at 10 long-term monitoring sites in the EPA. The POR, percent 
change during the POR (first to current year), historic maximal and minimal 

EHg3 concentrations and current EHg3 are shown. Sites are aligned from north 
to south and EHg3 is reported as µg/g = mg/kg = ppm. 

Max 
EHg3(Yr)

Min
EHg3(Yr)

Stormwater Treatment Area 1 West
STA1WC3 1995-2007 -7 0.12 (1996) 0.05 (2004)
Holey Land Wildlife Management Area
HOLEY 1996-2007 55 0.86 (2006) 0.27 (1999)
Arthur R. Marshall Loxahatchee National Wildlife Refuge
LNWR#4 1995-2007 -63 0.88 (1996) 0.17* (2003)
L-7 1995-2007 3 0.61 (1996) 0.09 (2004)
Water Conservation Area 2A
WCA2AU3 1993-2007 -45 1.27 (1993) 0.48 (2001)
L35B 1994-2007 -47 1.32 (1994) 0.51 (1998)
Water Conservation Area 3A
WCA3A15 1993-2007 -67 2.39 (1993) 0.49 (2003)
L67A 1990-2007 -65 1.83* (1992) 0.32 (2001)
Everglades National Park
ENPLOST 1995-2008 41 1.14 (1997) 0.62 (1996)
ENPNP 1994-2008 -53 2.36 (1994) 0.79 (1998)
Average -25 1.28 0.38

Location/Site Site
POR

POR
%Change

Historic Levels Current Levels

EHg3(Yr)

0.09 (2007)

0.80 (2007)

0.29* (2007)
0.40 (2007)

0.70 (2007)
0.70 (2007)

0.78 (2007)

*Mean value of THg reported for these sites due to insignificant (p > .05) relationship between fish 
mercury and age.

0.54 (2007)

0.80 (2008)
1.11 (2008)

0.62
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Figure 3B-4. Age-standardized mercury concentration (EHg3) and the 95 percent 
confidence interval in LMB at long-term monitoring sites located within WCA-1. 

The average THg concentration (avg) is reported where calculation of the  
EHg3 was not appropriate. 

Figure 3B-5. Age-standardized mercury concentration (EHg3) and the 95 
percent confidence interval in largemouth bass at long-term monitoring sites 

located within WCA-2A. The average THg concentration (avg) is reported where 
calculation of the EHg3 was not appropriate. 
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Figure 3B-7. Age-standardized mercury concentration (EHg3) and the 95 percent 
confidence interval in LMB at long-term monitoring sites located within STA-1W. 

Figure 3B-6. Age-standardized mercury concentration (EHg3) and the 95 percent 
confidence interval in LMB at long-term monitoring sites located within WCA-3A. 

The average THg concentration (avg) is reported where calculation  
of the EHg3 was not appropriate. 
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Figure 3B-9. Age-standardized mercury concentration (EHg3) and the 95 
percent confidence interval in LMB at long-term monitoring sites located within 
the ENP. The average THg concentration (avg) is reported where calculation of 

the EHg3 was not appropriate. 

Figure 3B-8. Age-standardized mercury concentration (EHg3) and the 95 percent 
confidence interval in LMB at long-term monitoring sites located within Holey Land 

Wildlife Management Area. 
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BLACK LINE median 

RED LINE USEPA Trophic Level 4 criteria for the protection of piscivorous wildlife (0.346 µg/g) 
BOXES 25th and 75th percentiles 

ERROR BARS 10th and 90th percentiles 
•BLACK CIRCLES outliers 

Figure 3B-10. Annual summaries of mercury concentrations in age cohort one 
and two LMB collected from two sites in the Shark River Slough of the ENP 

between 1993 and 2008 (top panel) and numerous canal and marsh sites in 
WCAs 1, 2, and 3 between 1989 and 2007 (bottom panel). 
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Figure 3B-11. Age standardized expected Hg concentration (EHg3) in LMB 
collected throughout the EPA from 1999–2007. EHg3 was not calculated if 

regressions were not significant or if age distributions were narrow.  
Error bars show the 95% confidence interval.  

 
Notes: The two-digit numbers on the graph represent the year of sampling;  

for example, “99” means the sample was taken in 1999 (and so on).  
For sampling locations, see Appendix 3B-1, Figure 3. 
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Figure 3B-12. Average mercury concentrations in mosquitofish collected 
throughout the EPA for the POR from 1998–2007. 
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Figure 3B-14. Areas of the Everglades Protection Area where the Florida 
Department of Health issues public “do not eat” advisories for LMB. 
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Figure 3B-15. Wet deposition of total mercury (μg/m2) in 2007. Data from 
National Atmospheric Deposition Program’s Mercury Deposition  

Network (NADP, 2008). 
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SULFUR IN THE EVERGLADES 

Sulfate-reducing bacteria (SRB) are the predominant producers of MeHg in aquatic 
ecosystems, and methylation of inorganic mercury by SRB is dependant on sulfate availability 
(Ekstrom et al., 2003; Gilmour et al., 2004). The effect of sulfur on mercury methylation in the 
Everglades is determined by the balance between sulfate (SO4

2-) and sulfide (S2-); (Benoit et al., 
2003; Gilmour et al., 1998; Gilmour et al., 2007a). 

Sulfate inputs are an important factor in supporting high mercury methylation rates in the 
Everglades (Bates et al., 2002; Benoit et al., 1999, 2001, 2003; Gilmour et al., 2007a). At present, 
it is likely that broad areas of the Everglades exhibit sulfate concentrations at which increased 
sulfate levels would enhance, and decreased sulfate concentrations would reduce net  
MeHg accumulation in soils and therefore MeHg accumulation in fish, birds and mammals 
(Gilmour et al., 2007a). 

The USEPA has not issued any guidance regarding a water quality criterion for sulfate, and 
thus the state of Florida has no sulfate water quality criterion. The Comprehensive Everglades 
Restoration Plan (CERP) goal for sulfate in surface water is 1 mg/L. By comparison, background 
sulfate in the Everglades may be ≤ 0.1 mg/L (Scheidt and Kalla, 2007; Weaver et al., 2007).  

At the CERP goal of 1 mg/L sulfate in Everglades surface water, data indicate that microbial 
sulfate reduction and MeHg production rates would be low due to sulfate limitation, and sediment 
porewater sulfide levels would only be in the tens of µg/l, minimizing both sulfide toxicity to 
aquatic plants and animals and internal eutrophication – phosphate and ammonium release from 
sediments (Gilmour et al., 2007a, b). Surface water sulfate concentrations above 1 mg/L are 
evident in about 60 percent of the total area of freshwater Everglades marshes (Scheidt and  
Kalla, 2007). 

Managing sulfate inputs to the Everglades is a potential option for reducing MeHg 
bioaccumulation, and to accomplish this, determination of the major sources of sulfate to the 
Everglades is critical. Based on sulfate concentration data, it may be concluded that much of the 
sulfate entering the Everglades originates from Everglades Agricultural Area (EAA) canals 
(Bates et al., 2001; 2002; Orem, 2004; Gilmour et al., 2007b; Scheidt et al., 2000; and Scheidt 
and Kalla, 2007), and as a first step towards managing sulfate inputs, the SFWMD plans a sulfur 
mass balance study to quantify the specific sources of this sulfate to these canals, and the surface 
water loading exchange between South Florida’s major land uses. 

For Water Year 2008 (WY2008) (May 1, 2007–April 30, 2008), sulfate concentrations across 
the EPA continued to exhibit a general north-to-south gradient (see Figure 3A-9 and Chapter 3A 
of this volume), as has been the pattern for previous years (Axelrad et al., 2007, 2008; Bates et 
al., 2002; Gilmour et al., 2007b; Weaver et al., 2007).  

Highest sulfate concentrations within the EPA for WY2008 were observed in the WCA-1 rim 
canal and in WCA-2. The interior of WCA-2 is the marsh area most effected by EAA runoff and 
consequently exhibits the highest sulfate concentrations. For WY2008, the interior sites in  
WCA-2 exhibited a median sulfate concentration of 15.9 mg/L compared to a minimum median 
concentration of 0.7 mg/L observed in the ENP (Chapter 3A). 

During WY2008, the sulfate concentrations at both the inflow and interior sites measured in 
WCA-1 and WCA-2, which are more directly influenced by runoff from the EAA and Lake 
Okeechobee discharges, were lower than for monitoring periods WY1979–WY1993, 
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WY1994–WY2004, and WY2005–WY2008. This is likely the result of reduced runoff from the 
EAA and reduced discharges from Lake Okeechobee during the dry conditions experienced 
during the 2006–2008 drought (Chapter 3A). 

Data are available for sulfate from northwest WCA-2A, pre- and post-hydropattern 
restoration (Garrett and Ivanoff, 2008). Historically, the northwest section of WCA-2A received 
water via the S-10E structure, but the structure was closed in 1997, causing rainfall to be the 
primary source of water to the northwest section of WCA-2A. Beginning in July 2001, treated 
water from STA-2 was released into the northwest section of WCA-2A. Monitoring data were 
collected during the pre-discharge period (March 1998–June 2001) and the post-discharge period 
(July 2001–September 2006).  

There were significant increases over the post-discharge period in surface water sulfate 
concentrations. Monitoring-station sulfate means ranged from 4-12 mg/L pre-discharge to 52-78 
mg/L post-discharge (Figure 3B-16). The post-discharge sulfate average concentration of  
60.8 ± 1.0 mg/L in northwest WCA-2A is consistent with sulfate levels found in the WCA-2A 
interior and in STA-2 discharge surface water (Garrett and Ivanoff, 2008).  

Concerning sediment porewater chemistry, nearly all monitoring stations exhibited  
an increase in sulfate and sulfide concentrations after hydroperiod restoration occurred (Garrett 
and Ivanoff, 2008). 
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Figure 3B-16. Sulfate (SO4
2-) concentrations (mg/L) in the northwest 

section of WCA-2A, with pre-hydropattern restoration values in blue and 
post-hydropattern restoration values in red. (Figure adapted from Garrett 

and Ivanoff, 2008, by Dan Scheidt, USEPA). 
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DISCUSSION 

The Everglades has a significant mercury problem. Health advisories warning people to limit 
or avoid consuming fish are widespread and fish-eating wildlife are overexposed to mercury in 
some areas of the ecosystem. Everglades sulfate levels also appear problematic from the 
standpoint of stimulating mercury methylation, and potentially with regard to sulfide toxicity in 
plants and animals, and to sulfate-induced liberation of other elements, such as phosphate and 
ammonium, from Everglades soils. 

The declines in mercury levels in fish from 1990–2000 are heartening, and the mechanism 
that appears to best account for these declines is a combination of both declining rates of 
atmospheric mercury deposition and declining concentrations of sulfate. As such, the best options 
for reducing MeHg production in the Everglades appear to be the reduction of atmospheric 
deposition of mercury and reducing sulfate loading to the Everglades.  

RESEARCH PROGRESS 

The following research needs were identified in peer-review comments regarding Everglades 
Consolidated Reports (ECRs) and South Florida Environmental Reports (SFERs). An update on 
the progress made with respect to each of the research needs is presented below. 

1. Quantify the no-effect level for Everglades fish-eating bird dietary exposure to 
methylmercury to support development of a water quality criterion (2000 ECR). 
Following FDEP’s initial support for research on MeHg effects on white ibis (Eudocimus 
albus) (Axelrad et al., 2008; Frederick et al., 2005; 2007), the USFWS and U.S. Army Corps 
of Engineers provided additional funding. A final report on this project was expected to be 
completed the end of 2008. The University of Florida is seeking continued funding to 
maximize information return on MeHg effects on wading birds using their 13,000-square feet 
aviary and captive white ibis population. 

In the study conducted by Drs. Jayasena and Frederick of the University of Florida, white 
ibises were exposed to 0.05, 0.1, and 0.3 mg dietary MeHg/kg. This was the third year of 
breeding for the captive birds. All males nested in all groups in 2008, with 0 percent, 18 
percent, 26 percent, and 22 percent of the control, low-, medium- and high-dose group males 
nesting homosexually, respectively. 

The apparent dose-related degree of homosexuality was similar in nature to the two previous 
years. However, the percentage of homosexual males has declined for all the groups each 
year. Of the total males who nested in 2006, 20, 27, 45, and 52 percent were homosexually 
paired for the control, low-, medium- and high-dose groups, respectively. The percentages of 
males that nested homosexually in 2007 were 5, 27, 43, and 44 percent for the same  
dose groups.  

The percentage of nests producing eggs in 2008 was 100, 94, 95, and 94 percent for the 
control, low-, medium- and high-dose groups, respectively. Unlike 2007, for 2008 there were 
no significant differences among treatments in the proportion of nests producing eggs, and 
there were no significant differences in the numbers of chicks fledged per nest start.  

While there seems to be good evidence for an effect of chronic, low-level exposure to 
mercury on degree of homosexuality, the effect appears to decline with time, probably as a 
result of mate switching following unproductive pairing. Switching is a typical response to 
poor reproduction for heterosexual pairs in most birds, and seems to be occurring in the 
ibises. The mechanism by which mate choice might be effected by mercury remains 
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unknown. The degree of the affect appears to be large – up to 44 percent of pairs are not 
productive – enough so as to effect population size through fecundity. The degree to which 
this has occurred in the field is unknown, though it might be expected that poor reproduction 
would be exacerbated by the harsher conditions evident in the wild.  

2. Quantify “global versus local” atmospheric mercury sources to South Florida to better 
define options for reducing mercury levels in Everglades biota (2002 ECR). Refer to the 
Statewide Mercury Total Maximum Daily Load Program in the Future Activities of the 
Mercury Program section of this chapter. 

3. Revise the Everglades Mercury Cycling Model (E-MCM) to include relationships 
between sulfur concentrations and mercury dynamics (2001 ECR). Significant progress 
was made last year (Gilmour et al., 2007c) to better define the biogeochemical relationships 
between the mercury and sulfur cycles, and to link these to the E-MCM. Compilation and 
summarization of ACME data may serve to allow more improvement to the E-MCM. (See 
the Future Activities of the Mercury Program section of this chapter.) 

4. Research biogeochemical controls on mercury methylation (2001 ECR). Significant 
progress has been made in our understanding of biogeochemical controls on mercury 
methylation through research conducted by the U.S. Geological Survey (USGS) and the 
Smithsonian Environmental Research Center (SERC), through support by the USGS, the 
FDEP, and the SFWMD. Findings are noted in the Previous Findings section of Axelrad et 
al. (2008). The USGS plans two more years of mercury biogeochemical research, as detailed 
in the Future Activities of the Mercury Program section of Axelrad et al. (2008). 
Additionally, the FDEP has contracted with SERC for compilation and synthesis of ACME 
data – see Future Activities of the Mercury Program section of this chapter. 

5. Determine sulfur sources to and effects on the Everglades (2006 SFER). Refer to the 
projects, Regional Sulfur Mass Balance Study, and Evaluation of Sulfate Effects in South 
Florida Wetlands in the Future Activities of the Mercury Program section below. 

FUTURE ACTIVITIES OF THE MERCURY PROGRAM  

Statewide Mercury Total Maximum Daily Load Program 

By 2012, the FDEP is required to develop a mercury Total Maximum Daily Load (TMDL) 
for mercury-impaired waters of the state. The FDEP has initiated plans for a statewide mercury 
TMDL study that include both atmospheric and aquatic field and modeling components. The 
mercury TMDL study consists of gathering and assessing a complex suite of data involving 
mercury atmospheric emissions and deposition (both wet and dry), and aquatic cycling data; it 
also involves conducting atmospheric and aquatic modeling to quantify the needed mercury 
reductions to address mercury-related impairment in state surface waters. Aquatic and 
atmospheric monitoring and for the study began in the third and fourth quarters of  
2008, respectively. 

The FDEP has developed a collaborative research team to undertake the mercury TMDL study. 
At this time, the collaborators are the FDEP, the University of Michigan Air Quality Laboratory 
(UMAQL, as the prime contractor to FDEP for the project), Atmospheric Research & Analysis (as a 
subcontractor to the FDEP contract with UMAQL), Aqua Lux Lucis, Inc. (as a subcontractor to the 
FDEP contract with UMAQL), the United States Environmental Protection Agency Office of 
Research and Development National Exposure Research Laboratory (USEPA ORD-NERL), 
USEPA Science and Ecosystem Support Division, the Florida Fish and Wildlife Conservation 
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Commission (through contract with the FDEP), Southern Company Services, Inc., the ENP, 
Orlando County Environmental Protection Division, and the University of Central Florida.  

Elements of the Florida mercury TMDL study include: 

• Comprehensive, highly temporally resolved measurements of wet and dry 
mercury deposition at four locations, along with a suite of tracers that may be 
used to associate deposition with sources. These sampling areas are referred to as 
supersites. The four proposed supersite monitoring locations are Tampa, Fort 
Lauderdale, Pensacola, and Jacksonville. Additional wet deposition-only satellite 
sites will be located, one each, in Orange County and the ENP Research Station.  

• Identification of all significant sources of mercury, whether fixed or mobile, 
within Florida (emissions inventory).  

• Monitoring of 128 lakes and streams throughout Florida for mercury content in 
fish tissue and for a suite of water chemistry parameters for use in aquatic  
cycling modeling. 

• Development of an empirical probabilistically based aquatic cycling model to 
link mercury deposition with bio-magnification in fish as a function of waterbody 
geochemistry.  

• Conducting atmospheric modeling (both dispersion and receptor models) for the 
purpose of quantifying Florida mercury sources versus those sources outside 
Florida that must be quantified to satisfy the mercury TMDL. 

Mercury in Coastal Waters 

Excessive concentrations of mercury have been found in fish for all of Florida’s coastal 
waters, effecting numerous species of commercial or sport-fishing interest. Human health 
advisories regarding consumption of marine fish have been issued for about 60 species and there 
are no-consumption advisories for several species for all of Florida’s coastal waters. Floridians’ 
exposure to MeHg is predominantly from eating marine fish. The FDEP is seeking funding to 
determine the sources of mercury to the Gulf of Mexico and the most important sites of mercury 
methylation in the Gulf, through discussions with the USEPA together with representatives  
of the other four Gulf states (Louisiana, Alabama, Texas and Mississippi), and with the Gulf of 
Mexico Alliance. 

Regional Sulfur Mass Balance Study 

The objective of the Regional Sulfur Mass Balance Study being conducted by the SFWMD is 
to (1) quantify the mass exchange of sulfur between the four major land use areas of South 
Florida (Lake Okeechobee, EAA, WCAs, and urban areas) and (2) reevaluate each sulfur source 
using up-to-date urban and agricultural sulfur application information. These objectives will be 
executed by collecting information on surface water chemistry, atmospheric deposition, surface 
flow, agricultural/urban applications, and soil subsidence rates. Sulfur mass exchange for each 
land use will be calculated on annual and semi-annual (seasonal dry-wet cycle) bases. Three 
separate years will be investigated: a high-precipitation year (2004), a drought year (2007), and 
an intermediate scenario (to be determined). The project will continue through the end of 2011. 
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Evaluation of Sulfate Effects in South Florida Wetlands  

In order to assess for adverse ecological effects of sulfate in the Everglades regarding 
phosphorus release from sediments, and sulfide toxicity to wetland plants, three projects are being 
funded by the SFWMD: 

Project #1: Laboratory screening trials to determine effects of elevated water column sulfate 
levels on microbial respiration and phosphorus release, using soils collected from unimpacted and 
impacted wetlands (with respect to both phosphorus and sulfur) in South Florida. Objectives 
include: 

1. Define the role of sulfate/sulfide on the release of sediment phosphorus (i.e., internal 
eutrophication) in South Florida wetlands. 

2. Define the importance of sulfate/sulfide on organic matter mineralization in South Florida 
wetlands. 

3. Describe the interactions between sulfur, calcium, and iron in wetland environments. 

4. Assist in screening treatments (e.g., appropriate chemical amendments and dosages) to be 
applied to subsequent mesocosm-scale experiments (see Project #3 below). 

5. Define accrual rates and diagenesis of sulfur, phosphorous, iron, and calcium in impacted and 
unimpacted sediments. 

Project #2: Field monitoring to assess spatial and temporal variations in surface water and 
sediment porewater phosphorus and sulfur chemistry, and effects on wetland vegetation. The 
results obtained from the field monitoring and laboratory sediment phosphorus release  
studies will: 

1. Provide necessary background information on the in situ concentrations of key elements and 
ions influenced by biogeochemical processes responsible for the sequestration/release of 
phosphorus. 

2. Examine the spatial variability of elements and ions along sulfur and phosphorus gradients. 

3. Characterize vertical concentration gradients within sediments and overlying water for 
calculating vertical diffusive fluxes. 

4. Describe the role played by sulfate reduction in regulating phosphorus cycling. 

5. Provide insight as to potential toxic effects of porewater sulfide on marsh flora. 

Project #3: Consists of mesocosm studies to evaluate plant toxicity and phosphorus cycling 
effects for a number of water, vegetation, and soil types. Objectives include: 

1. Quantify the direct effects of sulfide and/or ammonium toxicity to native South Florida 
wetland flora. 

2. Examine the effect of sediment history (e.g., high versus low phosphorus loadings) on 
internal phosphorus cycling and sulfur interactions. 

3. Using flow-through, outdoor platforms, confirm results of laboratory incubations on effects 
on phosphorus cycling of varying calcium, sulfate, and phosphorus concentrations. 

4. Characterize effects of inflow sulfate concentrations on phosphorus removal effectiveness  
of STAs. 
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Sulfate, Sulfide, Nutrient and Dissolved Organic Carbon 
Relationships to Methylmercury Production in the Everglades  

Since 1995, the Aquatic Cycling of Mercury in the Everglades (ACME) project team – 
comprised of USGS and SERC scientists – has studied mercury cycling in the Everglades. 
Significant progress has been made in our understanding of biogeochemical controls on mercury 
methylation through ACME, supported by funding from the USGS, the FDEP and the SFWMD. 
A summary of findings are noted in the Previous Findings section of Axelrad et al., (2008). The 
ACME project team plans further mercury biogeochemical research, as detailed in the Mercury 
Program Future Activities section of Axelrad et al. (2008).  

The ACME study has included two main components. One is a detailed assessment, through 
time, of the biogeochemistry of core ACME sites across the full length of the Everglades 
ecosystem. These core sites include locations in each of the main components of the system, from 
WCA-1 to the ENP.  

The dataset for core ACME sites includes information on mercury and MeHg concentrations 
in surface water, soil interstitial waters (porewater), soils, and the food web. Food web 
components include invertebrates and small fish. Detailed biogeochemical data for the sites was 
also measured, including microbial activity and soils and water chemistry, with a focus on sulfur 
cycling and organic matter characterization.  

The second component of the study is a series of field mesocosm experiments designed to test 
cause and effects hypotheses. Additions to mesocosms have included mercury, sulfate, dissolved 
organic carbon, and phosphate. Mesocosm experiments have been run in WCAs 1, 2, and 3, the 
most detailed sulfate and dissolved organic carbon addition studies were carried out at site 3A-15 
in WCA-3. Study data have been published in a variety of papers in the primary literature and in 
reports to the FDEP, SFWMD, and the USGS. Updates on the study appear regularly in SFERs. 

This project will compile data from all ACME researchers in one central database where it 
can be queried and studied as controls on sulfur inputs to the Everglades are debated. Metadata 
will be included and the dataset will be made openly accessible to the public (as well as submitted 
to USGS for consideration for publication as an open file report). The project will also include a 
text report on the synthesized dataset.  

As part of that report, a synthesis of the literature on MeHg production with a detailed focus 
on studies of the relationship between sulfate, sulfide and MeHg will be produced. The literature 
summary will help to put the ACME datasets into a larger context, and provide information to 
decision makers. 
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